The reaction of a bispropargyl bromide enediyne with several bis-NH-sulfonamide nucleophiles permits the easy synthesis of 14-and 19-membered macrocyclic enediynes. The new nitrogen-containing unsaturated macrocycles are fully characterized. The thermal reactivity of the new cyclic enediyne derivatives is investigated by means of differential scanning calorimetry (DSC).
Natural products containing an enediyne core in their structure were discovered more than two decades ago. Today, they still attract the attention of chemists working in different fields.
1 One important aspect of the chemistry of enediynes is their antitumoral potential through DNA cleavage as the result of Bergman cyclization.
2 Therefore, the design and synthesis of simple enediyne model systems is a desirable goal. Among structures, which have already been synthesized, cyclic enediynes with one or more nitrogen atoms as part of the ring have successfully enhanced the DNA cleaving activity. 3 Here we report the synthesis of a novel type of unsaturated azaenediyne 19-and 14-membered macrocycles, 1, 2, 3, 4 and 5 (Scheme 1 and Scheme 2), and their structural analysis. Their thermal behavior is also discussed.
The synthesis of macrocyclic enediynes 1-5 is shown in Scheme 1 and Scheme 2. The key step for the synthesis of the new compounds is the macrocyclization by intermolecular N-dialkylation. 4 A versatile building block for the synthesis of these macrocyclic enediynes is the dibromo derivative 6. Enediyne 6 is easily prepared from commercially available starting materials by a two-step process. 5 The preparation of 19-membered triazaenediyne macrocycles 1 and 2 (Scheme 1) was accomplished by condensation of 6 and trisulfonamide derivatives 7 6 and 8, 7 which we had previously synthesized, using potassium carbonate as a base in acetonitrile at room temperature. Macrocycles 1 and 2 were obtained with yields of 49% and 79%, respectively. 8 In a similar approach, moderate to good yields of 14-membered diazaenediyne macrocycles 3, 4, and 5 (Scheme 2) were obtained 9 by double alkylation of previously prepared N,N¢-bissulfonamide intermediates 9, 6, 10 10, 6 and 11, 11 with one equivalent of dibromo compound 6 in the presence of potassium carbonate and acetonitrile. Macrocycles 3, 4, and 5 were obtained in 46%, 46% and 63% yields, respectively. The crystal structures of macrocycles 1-5 were determined by performing single crystal X-ray diffraction analysis 12 in order to reveal the distance between the terminal alkyne carbons of the enediyne unit (cd distance), which is one of the factors responsible for their reactivity.
1b,13 Figure 1 shows, as an example, the ORTEP plot diagram for macrocycle 2 together with its labelling scheme. The distance between the acetylenic termini of the bridge is approximately 4.46 Å (cd or C10-C15 distance). The alkyne bond angles show only a small distortion from linearity at an average of 176°. The enediyne unit remains planar with a small torsion angle of only 1.02°. Table 1 shows the approximate distances between the two terminal acetylenic carbon atoms of the enediyne units for the five macrocycles.
The thermal activation of the new compounds towards Bergman cycloaromatization (BC) was investigated. The solid-state reactivity of the macrocyclic enediynes was studied by means of Differential Scanning Calorimetry (DSC).
14 Table 1 shows the onset temperatures found for
Bergman cyclization of macrocycles 1-5. All macrocycles 1-5 exhibited an exothermic band corresponding to an irreversible structural transformation. This point was proved by the absence of a thermal signal in a second heating ramp. With the exception of macrocycle 1, no mass loss was measured after the exothermic bands. Consequently, compounds 2-5 underwent Bergman cyclization, but macrocycle 1 experienced some kind of thermal decomposition. None of these transformations occurred in solid state but after melting (in the case of macrocycle 1) and during melting (for macrocycles 2-5). Since the distance between the two reacting alkynyl carbons needed for spontaneous Bergman cyclization is between 2.9 and 3.3 Å, 1b it was not surprising that these macrocycles required high temperatures to cycloaromatize. Moreover, compounds 1-5 did not give any cycloaromatized products when left to stand at 90-110 °C in a solution of toluene for 24 hours in the presence of 1,4-cyclohexadiene as a hydrogen atom donor. With the exception of macrocycle 2, which decomposed under the above reaction conditions, the others were recovered without loss. Macrocycle 5 was also stable in a solution of neat 1,4-CHD at 135 °C for 24 hours. All these experiments demonstrate the high stability of our enediyne macrocycles. Research is ongoing in our laboratories to design new systems that may lead to cyclization at lower temperatures.
mixture was stirred for 8 h (TLC monitoring). The salts were filtered off and the solvent was evaporated under vacuum. The residue was purified by column chromatography on silica gel (n-hexane-EtOAc, 8:2) to afford 2 (0.092 g, 79% 2, 22.3, 36.9, 37.6, 37.9, 79.0, 79.1, 83.6, 89.6, 120.8, 128.5, 128.6, 130.3, 130.4, 135.3, 145.0, 145 , 4.94; N, 5.89; S, 13.48. Found: C, 62.19 and 61.76; H, 5.27 and 5.37; N, 5.82 and 5.84; S, 12.97 and 13.43 . Analytical Data for (3E,8E,15Z)-1,6,11-tris[(4-methylphenyl)sulfonyl]-1,6,11-triazacyclononadeca-3,8,15 8, 83.2, 91.3, 120.9, 128.3, 129.8, 130.2, 136.6, 144. 13 C NMR (50 MHz, CDCl 3 ) : d = 22.2, 38.5, 39.0, 79.5, 83.8, 90.4, 121.1, 128.6, 130.1, 135.8, 144.6 4.91; N, 5.69; S, 13.02. Found: C, 63.79 and 63.49; H, 5.08 and 5.08; N, 5.62 and 5.58; S, 12.78 and 12.74 . (10) Crystal structure solution and refinement was performed using SHELXL Version 6.14 (Bruker AXS 2000 . The non-hydrogen atoms were refined including anisotropic displacement parameters. All the H-atoms were placed in geometrically optimized positions and forced to ride on the atom to which they are attached. Crystallographic data (excluding structure factors) for the five structures in this paper have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication number CCDC 603826 (2), CCDC 606863 (1), CCDC 606864 (3), CCDC 606866 (4), CCDC 606865 (5). Copies of the data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK [fax: +44
